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PROBLEM TO BE SOLVED: To realize integration or 
miniaturization of a device, by constituting a three-layered 
structure of a ferromagnetic layer, a nonmagnetic metallic layer 
and a ferromagnetic layer, and forming electrode parts for applying 
a voltage to both of the ferromagnetic layers. 
SOLUTION: A voltage drive type spin switch is provided with 
electrodes 34 for applying an external voltage to ferromagnetic 
layers 31 and 33, in a three-layered film having three-layered 
structure 31, 32, 33 composed of ferromagnetic layer/nonmagnetic 
metallic layer/ferromagnetic layer. The electrode 34 may be formed 
as a thin film on the ferromagnetic layer surface. Magnetization of 
one ferromagnetic layer 31 or 33 is fixed, and magnetization of only 
the other ferromagnetic layer 33 or 31 is switched. For this 
purpose, an antiferromagnetic layer, composed of FeMn or NiO is 
made to be adjacent to the one ferromagnetic layer 31 or 33, and 
the magnetization of the ferromagnetic layers 31, 33 may be 
subjected to pinning. In this case, the effect that antiferromagnetic 
substance executes intensive pinning of magnetization of the 
adjacent ferromagnetic layers 31, 33 is used. Thereby integration or 
miniaturization of a device can be realized. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrical-potential-difference actuation mold spin switch characterized by preparing the polar 
zone for having three layer systems which consist of a ferromagnetic layer, a non-magnetic metal layer, and a 
ferromagnetic layer, and impressing an electrical potential difference to said both ferromagnetic layers. 
[Claim 2] The electrical-potential-difference actuation mold spin switch according to claim 1 characterized by 
for the thickness of a non-magnetic layer being 5-1500A, and the thickness of a ferromagnetic layer being 5- 
1000 A. 

[Claim 3] The electrical-potential-difference actuation mold spin switch according to claim 1 characterized by 
for the thickness of a non-magnetic layer being 5-300A, and the thickness of a ferromagnetic layer being 5- 
100A. 

[Claim 4] The electrical-potential-difference actuation mold spin switch according to claim 1 characterized by 
for the thickness of a non-magnetic layer being 300-1 500A, and the thickness of a ferromagnetic layer being 
100- 1000 A. 

[Claim 5] An electrical -potential-difference actuation mold spin switch given in any 1 term of claims 2, 3, and 4 
characterized by for the ferromagnetic layer membrane having consisted of iron, cobalt, nickel, or those 
ferromagnetic metals that consist of a kind at least, and the non-magnetic layer film consisting of copper, gold, 
silver, or those non-magnetic metal that consists of a kind at least. 

[Claim 6] An electrical-potential-difference actuation mold spin switch given in any 1 term of claims 2-4 
characterized by for the ferromagnetic layer membrane having consisted of magnetic semiconductors written 
mainly by EuO, and the non-magnetic layer film consisting of copper, gold, silver, or those non-magnetic metal 
that consists of a kind at least. [ a ferromagnetic layer membrane ] 

[Claim 7] An electrical-potential-difference actuation mold spin switch given in any 1 term of claims 2-4 
characterized by for a ferromagnetic layer membrane consisting of iron, cobalt, nickel, or those ferromagnetic 
metals that consist of a kind at least, and the non-magnetic layer film consisting of an electrical conductivity 
metal of nonmagnetic transition metals other than copper, gold, and silver which consists of kinds at least. 
[Claim 8] The electrical-potential-difference actuation mold spin switch characterized by preparing the polar 
zone for having four layer systems of a ferromagnetic layer, a non-magnetic metal layer, a ferromagnetic layer, 
and an antiferromagnetism layer, and impressing an electrical potential difference to said both ferromagnetic 
layers. 

[Claim 9] The electrical-potential-difference actuation mold spin switch according to claim 8 characterized by 
an antiferromagnetism layer membrane consisting of either FeMn or NiO. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention applies a magnetic conduction phenomenon peculiar to a ferromagnetic 
metal, and relates to the electrical-potential-difference actuation mold spin switch which controls the 
magnetization array in a ferromagnetic multilayer directly by [ by external magnetic field impression ] 
impressing an electrical potential difference in the direction of thickness **. 
[0002] 

[Description of the Prior Art] In the metal ferromagnetism multilayer which has the structure where the 
ferromagnetic metal layer was separated by the non-magnetic metal layer, giant magneto-resistance (it is 
hereafter written as the GMR effectiveness) was discovered by French Baibich and others in 1989. When 
changing compulsorily the relative array of magnetization of the adjoining ferromagnetic layer from anti- 
parallel to a parallel array by impression of an external magnetic field etc., the phenomenon in which the 
electric resistance of a metal ferromagnetism multilayer decreases remarkably is called GMR effectiveness. It is 
reported that the rate of change exceeds the single or more figures property of the permalloy (FeNi system 
alloy) which is the conventional material depending on the structure of a multilayer and the class of film 
configuration metallic element. Since it is detectable by high sensitivity by making feeble change of a magnetic 
field into a voltage output by applying the GMR effectiveness, various applications have been presented since 
the discovery and it is well-known data to be put in practical use in recent years as magnetic-head material for 
next-generation magnetic disk drives (HDD). About the detail of the physical mechanism of the GMR 
effectiveness, also at an institute, it is still the way of an argument, and has come to be solved thoroughly. In 
this time, I am qualitatively understood as a phenomenon in which the conduction property peculiar to a 
ferromagnetic metal was involved closely in which electric conduction depends in the spin direction of 
conduction electron. 

[0003] The attempt which is going to realize various kinds of magnetic solid state devices using the GMR 
effectiveness or the spin dependence electric conduction property considered to be the cause of generating 
besides the application to various magnetic field sensors, such as the magnetic head, is performed actively in 
recent years. As the example of representation, GMR memory (JP,6-243673,A), a spin transistor (for example, 
Magnetics Society of Japan vol. 19 (1995) p.684), etc. are raised. It explains briefly [ below ] about the outline. 
[0004] First, the schematic diagram of the memory proposed by drawing 1 R> 1 by inlets is shown about the 
former GMR memory (Jpn.J.Appl.Phys., 24(1995) p.L415). A part for a record attaching part is fundamentally 
constituted by 3 layer system film (14, 15, and 16 in drawing 1 ) of "a ferromagnetic layer / non-magnetic 
layer / ferromagnetic layer", and the ferromagnetic metal of a different kind with which coercive force differs is 
used for both the ferromagnetism layer. Although it is an approach to write in information first, it is carried out 
by passing the current which may generate the induction magnetic field of the magnitude which exceeds the 
coercive force of both the ferromagnetism layer on the WORD line 1 1 . Specifically, in the case of drawing 1 , it 
is carried out using the annular induction magnetic field which generates a current around a sink and a WORD 
line vertical facing up or downward to space by magnetizing magnetization of a high coercive force layer to the 
right sense or the left sense. The content of recording information is defined by the magnetization direction of a 
high coercive force layer, for example, " 1 11 and the left sense are set to "0" by the right sense. On the other hand, 
the GMR effectiveness is used for read-out of recording information. That is, although a sink and the maximum 
amplitude value of the alternating current are less than the coercive force of a high coercive force 
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ferromagnetism layer about alternating current, it is made for the induction magnetic field exceeding the 
coercive force of a low coercive force ferromagnetism layer to occur on a WORD line (1 1). In this case, in 
order that only magnetization of a low coercive force layer may follow and be reversed to an induction 
magnetic field, the output voltage from which a phase differs 180 degrees is obtained by the content of record, 
i.e., the magnetization direction of a high coercive force layer, through the sense line 12 prepared separately. 
The content of record is distinguished by the phase contrast of this output voltage. 

[0005] Next, the schematic diagram is shown about the spin transistor proposed by drawing 2 by M.Johnson 
(Science, 260(1993) p. 320). Like the above-mentioned GMR memory, it is three layer membranes of "a 
ferromagnetic layer / non-magnetic layer / ferromagnetic layer" (21, 22, and 23 in drawing 2 ), the wiring 
terminal is separately connected with each class, and basic structure has taken the same wiring structure as a 
semi-conductor bipolar transistor. Generally, inside the ferromagnetic, although extent changes with matter, as 
for conduction electron, it is known that the direction of the spin has gathered in the specific direction. Such a 
phenomenon is called spin polarization, for example, in the case of iron, whenever [ spin polarization ] reaches 
to about 44%, and it is shown clearly experimentally that the direction of the polarization is parallel to Majority 
spin (P. M.Tedrow et al., PhysicalReview B7(1973) p.7099). 

[0006] If an electrical potential difference is now impressed along the direction of thickness of three layer 
membranes, the electronic group to which the direction of spin inside a ferromagnetic layer (emitter; 21 in 
drawing 2 ) was mostly equal will invade into a non-magnetic layer (base; 22). That is, a spin polarization 
current will be poured in from an emitter to the base. When magnetization of the ferromagnetic layer (collector; 
23) of another side is parallel to magnetization of an emitter, a spin polarization current can be invaded into a 
collector here, therefore a current passes through the inside of 3 layer membranes from an emitter to a collector 
(24->26). However, in arranging to anti-parallel, it becomes difficult for an electron to invade into a collector, 
and for this reason, a current flows into a base terminal (24->25). That is, the so-called transistor effectiveness 
that the direction of a current changes is discovered by changing the relative array of magnetization. Since this 
transistor by which all components are constituted from a metal can use a merit peculiar to the metal of ** — 
that electron density is high about 4 figures compared with a semi-conductor, and the heat conductivity is large 
— possibility that it can integrate more highly than the existing semiconductor device is pointed out, and it has 
become one of the factors it is expected greatly that spin transistors are. 
[0007] 

[Problem(s) to be Solved by the Invention] In the above various magnetic solid state devices, it is clear that the 
so-called technical magnetization actuation of changing the magnetization array of the adjoining ferromagnetic 
layer for example, from anti-parallel to a parallel array serves as a base element of device actuation. By the way, 
it is necessary to follow on high-performance-izing and a miniaturization of electronic equipment, and to also 
micrify and integrate these devices. In such a case, the minute multilayer of a large number which micro 
processing also of the multilayer body which constitutes a magnetic solid state device with a natural thing was 
carried out, for example, were made detailed by submicron size extent will be tidily arranged in in a single 
device, and will need to establish the approach of controlling selectively the magnetization condition of the 
specific minute multilayer in a device to accuracy. 

[0008] In the former, technical magnetization actuation was fundamentally performed by impressing an external 
magnetic field. For example, by the case of the above-mentioned GMR memory, the magnetization condition of 
a multilayer was controlled by using the induction magnetic field which generates a predetermined current to a 
sink and its perimeter in the WORD line spread around in all directions in the device. However, originally, 
since space divergence is strong, generally it is difficult the magnetic field to make it converge with a sufficient 
precision all over minute space, and it may cause malfunction of a device, such as changing the magnetization 
condition of an adjoining minute multilayer. Such a problem is applied also about the case of a spin transistor. 
That is, it is very difficult like the above to control selectively by impression of an external magnetic field the . 
minute spin transistor in the component made detailed, although it is necessary to change the magnetization 
condition of a ferromagnetic layer to a component in order to carry out induction of the transistor effectiveness. 
That is, in a magnetic solid state device, when realizing integration of a device, there is a limitation in 
magnetization control by external magnetic field impression. 

[0009] Therefore, in order to realize advanced integration of a magnetic solid state device, without spoiling the 
dependability of a device, a new approach by the external magnetic field impression which operates technical 
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magnetization of a multilayer was desired. 

[0010] In view of conquering the trouble indicated in the above-mentioned conventional example, it succeeds in 
this invention, and aims at offering the electrical-potential-difference actuation mold spin switch based on the 
new principle which is not in the former which controls technical magnetization actuation of a multilayer by 
impressing an electrical potential difference in the direction of thickness. 
[0011] 

[Means for Solving the Problem] The electrical-potential-difference actuation mold spin switch of this invention 
has three layer systems which consist of a ferromagnetic layer, a non-magnetic metal layer, and a ferromagnetic 
layer, and the polar zone for impressing an electrical potential difference to this both ferromagnetism layer is 
prepared, and it is constituted. In addition, the structure of said polar zone may not be specified, for example, 
may be a thin film configuration. 

[0012] The electrical -potential-difference actuation mold spin switch of this invention sets like 1 voice, the 
thickness of a non-magnetic layer is 5-1500A, and the thickness of a ferromagnetic layer is 5-1000A. 
[0013] The electrical -potential-difference actuation mold spin switch of this invention sets like 1 voice, the 
thickness of a non-magnetic layer is 5-300 A, and the thickness of a ferromagnetic layer is 5-100A. 
[0014] The electrical -potential-difference actuation mold spin switch of this invention sets like 1 voice, the 
thickness of a non-magnetic layer is 300-1 500A, and the thickness of a ferromagnetic layer is 100-1000A. 
[0015] The electrical-potential-difference actuation mold spin switch of this invention sets like 1 voice, a 
ferromagnetic layer membrane consists of iron, cobalt, nickel, or those ferromagnetic metals that consist of a 
kind at least, and the non-magnetic layer film consists of copper, gold, silver, or those non-magnetic metal that 
consists of a kind at least. 

[0016] The electrical -potential-difference actuation mold spin switch of this invention sets like 1 voice, a 
ferromagnetic layer membrane consists of magnetic semiconductors written mainly by EuO, and the non- 
magnetic layer film consists of copper, gold, silver, or those non-magnetic metal that consists of a kind at least. 
[ a ferromagnetic layer membrane ] 

[0017] The electrical -potential-difference actuation mold spin switch of this invention sets like 1 voice, a 
ferromagnetic layer membrane consists of iron, cobalt, nickel, or those ferromagnetic metals that consist of a 
kind at least, and the non-magnetic layer film consists of an electrical conductivity metal of nonmagnetic 
transition metals other than copper, gold, and silver which consists of kinds at least. 

[0018] The electrical -potential-difference actuation mold spin switch of this invention has four layer systems of 
a ferromagnetic layer, a non-magnetic metal layer, a ferromagnetic layer, and an antiferromagnetism layer, and 
the polar zone for impressing an electrical potential difference to said both ferromagnetic layers is prepared, and 
it is constituted. 

[0019] The electrical -potential-difference actuation mold spin switch of this invention sets like 1 voice, and an 
antiferromagnetism layer membrane consists of either FeMn or NiO. 

[0020] this invention persons found out that the strength of the switched connection between layers which 
works between both ferromagnetism layers was controllable by impressing predetermined foreign voltage 
between these both ferromagnetism layers in the above-mentioned multilayer-structure film. By adjusting the 
thickness of a non-magnetic layer especially, the sign of the switched connection between layers is reversed, 
and the magnetization condition of three layer membranes is before and after electrical-potential-difference 
impression, and it is reversed, namely, anti-parallel array or change of the reverse can be realized from a 
parallel array. Thus, although the component from which the relative magnetization array in a multilayer 
changes is generally called a spin switch according to an external operation of**, such as electrical -potential- 
difference impression, a spin switch will be defined as a wide sense also including the strength of the switched 
connection between layers which works between these both ferromagnetism layers here changing. Although 
impression of an external magnetic field had mainly realized flux reversal in the multilayer in the former, the 
completely new electrical-potential-difference actuation mold spin switch to drive was realized by impression 
of foreign voltage by this invention. By using such a spin switch, it becomes possible in various magnetic solid 
state devices or the various devices using a ferromagnetic to realize integration to altitude, without it becoming 
unnecessary to perform external magnetic field impression for controlling the magnetization condition of the 
magnetic substance, and spoiling the dependability of device actuation. 
[0021] 
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[Embodiment of the Invention] The requirements for a configuration of the electrical-potential-difference 
actuation mold spin switch of this invention are described below. The schematic diagram is shown in drawing 
3 . An electrical-potential-difference actuation mold spin switch has fundamentally the structure which installed 
the electrode (34) for impressing foreign voltage to both ********** i n three layer membranes which have 
three layer systems (31, 32, and 33 in drawing 3 ) which consist of "a ferromagnetic layer / a non-magnetic 
metal layer / a ferromagnetic layer." The electrode may be installed on the ferromagnetic stratification plane in 
the shape of a thin film. 

[0022] Moreover, from the object to which fix magnetization of one ferromagnetic layer to and only 
magnetization of the ferromagnetic layer of another side is made to switch, antiferromagnetism layers, such as 
FeMn or NiO, may be made to adjoin one ferromagnetic layer, and pinning of the magnetization of this 
ferromagnetic layer may be carried out. This uses for the antiferromagnetic substance that there is an operation 
which carries out pinning of the magnetization of the adjoining ferromagnetic layer strongly. In this case, 
although the basic structure of an electrical-potential-difference actuation mold spin switch consists of four 
layer systems of "a ferromagnetic layer / non-magnetic metal layer / ferromagnetic layer / antiferromagnetism 
layer", the basic actuation as a spin switch is not different from the above-mentioned 3 layer-system spin switch 
at all. However, when the antiferromagnetic substance is an insulator, the wiring treatment to which a terminal 
is connected to a ferromagnetic layer [ directly under ] is required. 

[0023] Next, the requirements for each class which constitutes such an electrical-potential-difference actuation 
mold spin switch are described. First, although it is desirable to consist of iron, nickel, or cobalt although it is a 
ferromagnetic layer, you may be those combination or those electrical conductivity ferromagnetism metals that 
consist of a kind at least. Moreover, the switch effectiveness can be improved by using the quality of a magnetic 
matter with whenever [ polarization / of internal conduction electron / big ] for a ferromagnetic layer so that it 
may mention later. Reaching to 80% is known and whenever [ polarization / of conduction electron ] may 
constitute a ferromagnetic layer from EuO which is a magnetic semiconductor by such magnetic semiconductor. 
At least 5 A or more 1000A or less of thickness of a ferromagnetic layer needs to be 5 A or more 100A or less 
desirably. Ferromagnetism will destabilize in less than 5 A. Moreover, if 1000A is exceeded, a spin switch 
phenomenon will not be discovered good. Next, although it is desirable to consist of copper, silver, gold, or 
those electrical conductivity non-magnetic metal that consists of a kind at least although it is a non-magnetic 
layer, you may be nonmagnetic transition metals with the electrical conductivity of molybdenum, chromium, 
etc. 5 A or more 1500A or less of thickness of a non-magnetic layer needs to be 5 A or more 300A or less 
preferably. In less than 5A, magnetization of these both layers is strongly combined with parallel for the strong 
exchange interaction between ferromagnetic layers, and this effectiveness does not show up. Moreover, if 
1500A is exceeded, in order to exceed spin diffusion length, the good switch effectiveness will not show up. 
[0024] First, the electrical-potential-difference actuation mold spin switch of this operation gestalt can produce 
the three above-mentioned layer membranes by the dry type producing- film methods, such as the usual spatter, 
MBE vacuum deposition, or the laser ablation method, and can produce them by giving the structure of a 
request by the approaches (for example, JP,7-45430,A, JP,7-12449,A, etc.) of being well-known, such as a lift 
off or dry etching, to after an appropriate time. Moreover, three layer membranes may be produced by the wet 
producing- film method of**, such as electrolytic plating. 

[0025] In the GMR memory ( drawing 1 ) stated by the term of a Prior art, it becomes possible by impressing an 
electrical potential difference to control a record condition by replacing three layer membranes which are parts 
for a record attaching part with the electrical-potential-difference actuation mold spin switch of this invention. 
That is, while the technical magnetization actuation by the induction magnetic field becomes unnecessary and 
altitude integration of memory becomes easy, the dependability of component actuation can be improved. 
[0026] The concrete application of such memory which used the electrical-potential-difference actuation mold 
spin switch of this invention for drawing 4 is shown. Theoretically, the capacitor part of the conventional 
DRAM (Dynamic Randam Access Memory) was transposed to the electrical-potential-difference actuation 
mold spin switch, and the structure which gave the electric wiring further for the content reading of record 
(column line 2: 43 in drawing 4 ) is taken. Moreover, the thickness of the non-magnetic layer in 3 layer 
membranes shall be designed so that the magnetization array of this both ferromagnetism layer may change to 
anti-parallel after electrical-potential-difference impression. 

[0027] In order to write in record, a magnetic field big enough is impressed to the whole component first 
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beforehand, and the magnetization array of all the three-layer membranogen children in a component is carried 
out to parallel. Next, an electrical potential difference is impressed to the column line 1 (41 in drawing 4 ), an 
access transistor (44) is turned ON and an electrical potential difference is impressed to a sense line (42). It 
means that only three desired layer membranes are magnetized by anti-parallel, and record was written in by 
this. 

[0028] On the other hand, in order to read record, it carries out by turning OFF an access transistor (44), passing 
the feeble current for record reading on the column line 2 (43), and reading the output voltage value of three 
layer membranes. That is, the GMR effectiveness that the electric resistance of three layer membranes changes 
depending on the relative array of magnetization of this both ferromagnetism layer can be used, and the content 
of record can be distinguished by the size of the output voltage obtained through the column line 2 (43). 
Although such memory can be used as memory which can be written in only at once, it should just impress the 
external magnetic field which exceeds the coercive force of a ferromagnetic layer for package elimination of the 
content of record to the whole memory. Although dielectric breakdown by the repeat of a write-in process has 
been a problem in a semi-conductor flash memory or semiconductor memory like EEPROM at the same time it 
is necessary to impress high tension to a component for writing, there is such no problem by this magnetic 
solid-state memory adapting an electrical-potential-difference actuation mold spin switch. Therefore, the 
writing of record has theoretically the advantage in which an infinity time is possible. 

[0029] Moreover, as an example of other application possibility, the ultra high-speed electric field effect mold 
spin transistor proposed by Datta and others will be mentioned (Appl.Phys.Lett., 56(1990) p.665). The 
schematic diagram is shown in drawing 5 . Although this device is a ultra high-speed field effect transistor 
which uses fundamentally the big electronic mobility of the two dimensional electron gas which occurs in a 
semi-conductor heterojunction interface, it is a new device which the point which constitutes the source (51) 
and a drain (52) terminal from a ferromagnetic differs from the conventional FET device, and makes 
controllable the current which flows a component also by changing the magnetization array of a ferromagnetic. 
[0030] However, as an external magnetic field must be too impressed in order to control the direction of 
magnetization of a ferromagnetic terminal by this device, and the Prior art was described, alternative and exact 
control of magnetization in the minute device by which advanced integration was carried out is very difficult. 
On the other hand, if the electrical-potential-difference actuation mold spin switch of this invention is used for 
the ferromagnetic terminal 51 or 52, it is not necessary to take into consideration the space convergency of a 
magnetic field, malfunction of a contiguity component, etc. to which it became possible to which to control a 
magnetization condition by foreign voltage impression, and it had become a problem by magnetic field 
impression. 

[0031] I want to touch a word about the freshness of this invention here. Although the electrical -potential- 
difference actuation mold spin switch of this invention bears apparently a close resemblance [ spin transistor / 
( drawing 2 ) / using the spin polarization current generated in a non-magnetic layer by the ferromagnetic 
layer ], as for this invention aiming at control of the magnetization condition by foreign voltage, the contents 
differ clearly for the purpose of the transistor effectiveness generating this invention according to the relative 
array of magnetization of a ferromagnetic layer, moreover, as a new controlling method of the magnetization 
condition of the ferromagnetic multilayer by approaches other than external magnetic field impression the paper 
which suggests possibility that it is realizable by passing pulse current to the perpendicular direction of a 
multilayer side is announced by Slonczewski in recent years — **** (J. C.Slonczewski, J.Mag.Mag.Mat.159 
(1996) p. LI) — Then, the approach described uses preservation of the angular momentum between the spin of 
the electron which constitutes pulse current, and the magnetic moment of a ferromagnetic layer, and differs 
from the principle of operation of the electrical-potential-difference actuation mold spin switch of this invention 
clearly. 

[0032] That is, the electrical-potential-difference actuation mold spin switch which artificers propose is the 
unprecedented magnetization control approach of a multilayer based on a completely new principle. 
[0033] Next, the principle of operation of an electrical-potential-difference actuation mold spin switch is 
described. In the ferromagnetic multilayer which generally carried out the laminating of a ferromagnetic layer 
and the non-magnetic layer by turns If thickness of a non-magnetic layer is made thin in a number - about 1 OA 
of numbers, the switched connection force will work through a non-magnetic layer between the adjoining 
ferromagnetic layers. And it is known that the sign will vibrate depending on the thickness of a non-magnetic 
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layer, namely, the phenomenon which magnetization of both layers combines with parallel or anti -parallel will 
appear (for example, S.S.P.Parkin et al., Phys.Rev.Lett, 64(1990) p.2304). 

[0034] Although explained by the RKKY exchange interaction in effectiveness or a multilayer interface etc. in 
the slight quantum well closing depth of the electron which originates in multilayer structure about the physical 
mechanism, it is pointed out that both give a theoretical almost equivalent result. The switch effectiveness of 
this invention is deeply involved with an above-mentioned oscillating phenomenon, and the mechanism may be 
explained by both of the two above-mentioned theory. 

[0035] Here, from a viewpoint based on a RKKY exchange interaction, Co/Cu/Co 3 layer membrane is taken up 
for an example, and it explains below. 

[0036] According to this theory, the oscillation period of the switched connection between layers mentioned 
above is determined from the geometric structure of the Fermi surface of Cu layer, and although the oscillation 
period gives extremal value in the wave number vector which stretches a Fermi surface, when setting magnitude 
to k, it is given by pi/k. The schematic diagram of the Fermi surface structure of the bulk Cu at the time of no 
electrical-potential-difference impressing was shown in drawing 6 (a), kb which shows an extremal-value wave 
number vector in drawing 6 (a) in the case of three described layer membranes which carry out an outline, and 
which were made to carry out epitaxial growth in the direction of a field for example (111) when becoming 
although the exact information about the Fermi surface structure of Cu layer is required in order to determine 
the oscillation period of both spin as accuracy it is — the oscillation period calculated from now on is 9.4A. This 
is comparatively well in agreement with 10.4A of an experimental value. 

[0037] Here, when an electrical potential difference is impressed to a spin switch, the downward (Majority spin 
and parallel) spin polarization electronic group in a ferromagnetic layer is injected into a non-magnetic layer. 
Within a non-magnetic layer, originally, a spin polarization condition cannot exist in equilibrium and the 
polarization relaxation which is going to return polarization to zero takes place to the electronic group which 
was poured in for this reason. However, since the time amount of spin relaxation time amount extent is taken in 
order to ease spin polarization, the conduction condition [****/ un-] in which polarization remained in the 
non-magnetic layer as a result occurs. That is, within Cu layer, in order that the number of downward spin 
electrons may increase, the Fermi level of a downward spin band increases, and in order that the number of 
upward (Minority spin) spin electrons may decrease conversely, the Fermi level of a upward spin band will 
decrease (for example, Magnetics Society of Japan vol. 19 (1995) p.684). The electron distribution in such a 
case does not balance, and in strict semantics, Fermi surface structure [****] does not exist and cannot ask for 
the above extremal-value wave number vectors. However, with nonmagnetic electrical conductivity metals, 
such as Cu, generally, spin relaxation time amount is very long as compared with the relaxation times, such as 
momentum and energy, and it is possible to regard it as what forms Fermi surface structure [****/ almost ] by 
limiting to the range in which the thickness of a non-magnetic layer does not exceed spin diffusion length or it 
for this reason. 

[0038] Therefore, as an extremal-value wave number vector is shown in drawing 6 (b), (kb down of drawing 6 
(b) Naka) becomes small about downward spin, and it becomes large (**, kb up) about upward spin. This 
drawing 6 (b) shows the Fermi surface structure of the copper after electrical-potential-difference impression, a 
continuous line is downward spin and an alternate long and short dash line points out the Fermi surface of 
upward spin here. A broken line is a Fermi surface at the time of no electrical-potential-difference impressing, 
and is the same as drawing 6 (a). For this reason, each spin polarization vibrates a different period, respectively, 
and the oscillation observed experimentally serves as the sum of these the oscillations of each. Thus, an 
electrical-potential-difference actuation mold spin switch applies the phenomenon in which the oscillation of 
the switched connection between both the ferromagnetism layers in 3 layer membranes changes depending on 
the magnitude of the spin polarization [ parallel ] condition generated in Cu layer. From the oscillation- 
character of the switched connection between layers, by adjusting the thickness of a non-magnetic layer, the 
sign of an exchange interaction which works between ferromagnetic layers can also be reversed, and a 
magnetization condition switches magnetization of both the ferromagnetism layer to parallel or an anti -parallel 
array in this case. Moreover, what is necessary is for a ferromagnetic layer just to consist of magnetic 
conductors which can pour in a bigger spin polarization electron like EuO into Cu layer, in order to cause such a 
flux reversal phenomenon effectively. 
[0039] 
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[Example] Hereafter, some concrete examples of this invention are explained to a detail. 
[0040] (Example 1) About Co/Cu/Co (111) single crystal 3 layer membrane, Cu layer membrane thickness 
dependency of the exchange interaction between layers committed between both Co(es) layers was theoretically 
investigated based on the RKKY theory (for example, P.Bruno and C.Chappert, Phys.Rev.B46(1992) p.261). 
The result is shown in drawing 7 . In addition, in drawing 7 , whenever [ in Cu layer / spin polarization ] is 
changed with 0 and 10 or 20%, respectively. Drawing 7 (a) shows Cu layer membrane thickness dependency of 
the switched connection reinforcement between Co layers of Co/Cu/Co (111)3 layer membrane. Each line 
corresponds to whenever [ spin polarization / from which it differs in Cu layer ]. Moreover, drawing 7 (b) 
shows a dependency whenever [ in Cu layer / spin polarization / of the switched connection reinforcement 
between Co layers in case Cu layer membrane thickness is 15. OA ]. 

[0041] The oscillation period of switched connection is changing as whenever [ in Cu layer / spin polarization ] 
becomes large so that drawing 7 (a) may show. A dependency is shown in drawing 7 (b) especially about the 
case where the thickness of Cu layer is 1 5 A, whenever [ in Cu layer / spin polarization / of the exchange 
interaction between layers ]. It is changing to negative (namely, parallel association) because that whose 
switched connection strength was forward (namely, anti-parallel association) increases whenever [ spin 
polarization ] to 20% 0% at o'clock. By making whenever [ in Cu layer / spin polarization ] increase by foreign 
voltage impression, this shows that the magnetization condition of Co layer can be changed from anti-parallel to 
a parallel array. 

[0042] (Example 2) By the same technique as an example 1 , the dependency was investigated about Co/Cu/Co 
(100) single crystal 3 layer membrane whenever [ in Cu layer / spin polarization / of the exchange interaction 
between layers at the time of making thickness of Cu layer into 12. 6A ]. The result is shown in drawing 8 . The 
dependency was shown in drawing 8 whenever [ in Cu layer / spin polarization / of the switched connection 
reinforcement between Co layers of Co/Cu/Co (100) 3 layer membrane ]. However, the thickness of Cu layer is 
12.6A. 

[0043] It turns out that the switched connection which was zero mostly is changing to forward, i.e., anti -parallel 
association, as whenever [ spin polarization ] increases from zero to 20%. By using this 3 layer membrane, the 
magnetic solid-state memory stated by the term of the gestalt of operation is realizable. That is, about the 
memory produced with the configuration shown in drawing 4 , a magnetic field big enough is beforehand 
impressed to memory, and the magnetization array of all 3 layer membranes in memory (a component is called 
below) is carried out to parallel. It means that all components were recorded on "0" conditions at this time. 
After an appropriate time, by applying a predetermined electrical potential difference to the column line 1 and 
the column line 2, magnetization of a desired component is changed to anti-parallel, and "1" condition is 
recorded. Thus, although it is reading of the content of the recorded memory, if a feeble current is passed on the 
column line 2, output voltage with the bigger component of "1 11 condition than the component of "0" conditions 
will be measured by the giant magneto-resistance of a component. The content of record can be read by 
distinguishing this difference. 
[0044] 

[Effect of the Invention] By electrical-potential-difference impression, the electrical-potential-difference 
actuation mold spin switch of this invention is a new technical magnetization control device which realizes flux 
reversal directly, and can give a big contribution to integration of a device or a miniaturization. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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